Interaction of protein kinase C with membranes is regulated by Ca2+, phorbol esters, and ATP.
Physiologic regulation of protein kinase C activity requires its interaction with cellular membranes. We have recently shown that binding of the enzyme to plasma membranes is controlled by Ca2+, whereas enzyme activators, like phorbol esters, regulate both membrane binding and enzyme activity. Here we describe the factors which control the dissociation of protein kinase C from the plasma membrane. In the absence of phorbol esters, the dissociation reaction is rapid and is determined by varying the Ca2+ concentration between 0.1 and 1 microM. However, the presence of 4-beta-phorbol 12,13-dibutyrate greatly reduces enzyme release in response to Ca2+ depletion; removal of the phorbol ester itself permits efficient membrane-enzyme dissociation. The stabilization of the membrane-protein kinase C complex by phorbol esters can be reversed by ATP with an apparent Km for the nucleotide of 6.5 microM. The ATP effect requires MgCl2 and cannot be reproduced by other nucleotides or by a nonhydrolyzable analogue, suggesting that an ATP-dependent phosphorylation reaction may be involved. 4-beta-Phorbol 12,13-dibutyrate appears to stabilize membrane-enzyme association by reducing the apparent Km for Ca2+ to about 15 nM, whereas ATP reverses the phorbol ester effect by increasing the Km for Ca2+ to about 760 nM. Furthermore, the strong degree of negative cooperativity displayed by the Ca2+-dependent enzyme-membrane dissociation is consistent with the presence of multiple interacting Ca2+-binding sites on protein kinase C.